During the initial state of this study an assignment of ab initio generated partial charges via the well known "RESP" (restrained electrostatic potential) framework 1, 2 was attempted. Due to the size of the molecule the application of a correlated ab initio treatment employing Møller-Plesset second-order perturbation theory (MP2) at the 6-31G(d,p) level 3, 4 was achievable. To avoid possible errors from an artificial in vacuo treatment, the hydration was implicitly treated via a polarisable continuum model (PCM).
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Partial charges for all atoms have been obtained via an electrostatic surface potential (ESP) fit. As the TRSH ion is a charged species, special focus has been given to the reproduction of the quantum-mechanically derived dipole moment, which was employed as a constrained in the fitting. Test calculations employing different density functionals and basis sets (i.e. 6-31G(d) 4 ) as well as fitting without dipole constraint and/or PCM resulted only in minor numerical changes, whereas the overall trend in the distribution of the partial charges was retained. The largest deviation in these test calculations was observed at the Hartree-Fock level, which can be attributed to the inaccurate treatment of the correlation of electrons in this approach. The resulting ESP charges are listed in table S-1. As aliphatic CH 2 groups are represented via a united atom center in the GROMOS force field, the hydrogen charges are added to the charge of the respective carbon atom. To obtain an equivalent assignment, the partial charges of chemically equivalent species have been averaged (see fig. S-1) . Finally, the charges had to be slightly modified so that the GROMOS charge groups (see fig. S -2) appear neutral (hydroxymethyl groups) or with a net charge of +1.0 a.u (ammonium group plus quaternary carbon atom).
Irrespective of the established use of ESP derived charges in some force-field approaches, the application of the quantum mechanically derived charges in MD simulations of the TRSH-p53 system proved unsuccessful. This is due to the fact, that the partial charges of the GROMOS force fields have not been derived on the basis of quantum-chemical computations and hence, such an approach proved unsuitable in our investigation, as the compatibility of the ligand-, protein-and solvent-parameters was not ensured. In order to derive more suitable partial charges for the TRSH residue, building blocks of other species defined in the GROMOS force fields 7, 8 have been employed as template as outlined in the main manuscript.
Table S-2 presents a comparison of the partial charges for TRSH residue employing the amino-terminal and serine side-chain charge groups of the GROMOS 45A4 and 53A6 force fields with the quantum-mechanically derived charges. It can be seen that the ESP charges are more polarised in case of the hydroxy groups and even more in the vicinity of the nitrogen atom. If the charge distribution of all residues of the force field are derived with the same procedure, such effects would not cause any difficulties, provided that the remaining force-field parameters are adequate as well. However, since the TRSH residue was the only species parametrised via an ESP calculation in the aforementioned tests, an incompatibility with the GROMOS force field arose, which was not the case when a charge assignment based on the amino-terminal and serine side-chain charge group was employed. 
